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 ﻣﺴﺘﺨﻠﺺ 
  ﺣﺴﻦ ﻣﻨﺼﻮر ﻧﺪى ﻣﺤﻤﺪ 
  اﻟﺒﺎﺑﻴﺰﻳﺎ ﻓﻲ اﻟﺤﻤﻴﺮ ﻓﻲ وﻻﻳﺔ اﻟﺨﺮﻃﻮم ، اﻟﺴﻮدانﻣﺮض اﻧﺘﺸﺎر  ﻣﻌﺪل  دراﺳﺔ
 
  .اﻟﺒﺎﺑﻴﺰﻳﺎ وﺑﻌﺾ اﻟﺘﻐﻴﺮات ﻓﻰ اﻟﺪم ﺑﺎﻟﺤﻤﻴﺮ ﻓﻰ وﻻﻳﺔ اﻟﺨﺮﻃﻮم  ﺗﻢ اﻟﺘﻘﺼﻰ ﻋﻦ ﻣﻌﺪل اﻧﺘﺸﺎرﻣﺮض
ﺔ ﻓﻰ ﻋﺪد ﺛﻼث ﻣﺤﻠﻴﺎت ﺑﺎﻟﻮﻻﻳѧ  ﻣﻦ اﻟﺤﻤﻴﺮ (843)ﺛﻼﺛﻤﺎﺋﺔ وﺛﻤﺎﻧﻴﺔ وارﺑﻌﻴﻦ  ﻋﺪد ﺟﻤﻌﺖ اﻟﻌﻴﻨﺎت ﻣﻦ
 asmeiGوذﻟﻚ ﺑﺎﺧﺬ ﻣﺴѧﺤﺎت دم وﺻѧﺒﻐﻬﺎ ﺑﺼѧﻐﺔ ﺟﻤﺴѧﺎ  ( ﺷﺮق اﻟﻨﻴﻞ  –اﻣﺪرﻣﺎن  –ﺟﺒﻞ اوﻟﻴﺎء )
ﺑﺎﻹﺿﺎﻓﺔ اﻟﻰ اﺧѧﺬ دم ﻣѧﻊ ﻣѧﺎﻧﻊ ﺗﺠﻠѧﻂ .  ﻟﻄﻔﻴﻞ اﻟﺒﺎﺑﻴﺰﻳﺎ  etiozohporTﻟﺮوﻳﺔ اﻟﻄﻮر اﻟﻨﺸﻂ   niats
 واﻟﻌѧﺪد اﻟﻜﻠѧﻰ  ﻟﻜﺮﻳѧﺎت  VCPوﺣﺠﻢ آﺮﻳﺎت اﻟﺪم اﻟﺤﻤﺮاء اﻟﻤﺘﺮاﺻѧﺔ  bHاﻟﻬﻴﻤﻮﻗﻠﻮﺑﻴﻦ  ﺗﺮآﻴﺰﻟﻘﻴﺎس 
  . sCBRT  اﻟﺪم اﻟﺤﻤﺮاء
، وﻣﻌѧѧﺪل %  3.8ﻓѧѧﻰ وﻻﻳѧѧﺔ اﻟﺨﺮﻃѧѧﻮم ﻳﻘѧѧﺪر ب  اﻇﻬѧѧﺮت اﻟﻨﺘѧѧﺎﺋﺞ أن ﻣﻌѧѧﺪل اﻧﺘﺸѧѧﺎرﻣﺮض اﻟﺒﺎﺑﻴﺰﻳѧѧﺎ 
ﻓѧﻰ ﺟﺒѧﻞ اوﻟﻴﺎء،أﻣѧﺪرﻣﺎن وﺷѧﺮق %  3.4و%  7.7،%9.21آѧﺎن  اﻧﺘﺸѧﺎرهﺎ ﻓѧﻰ اﻟﻤﺤﻠﻴѧﺎت اﻟﺜﻼﺛѧﺔ
  .اﻟﻨﻴﻞ ﻋﻠﻰ اﻟﺘﻮاﻟﻰ
 2.01-0.6ﺑѧѧﻴﻦ  وﺗﺮاوﺣѧѧﺖ اﻟﻘѧѧﻴﻢ,ﺔ ﺼѧѧﺎﺑﻓѧѧﻰ اﻟﺤﻴﻮاﻧѧѧﺎت اﻟﻤ ُﺎﻣﻨﺨﻔﻀѧѧ اﻟﻬﻴﻤﻮﻗﻠѧѧﻮﺑﻴﻦ ﺗﺮآﻴѧѧﺰ ان وﺟѧѧﺪ 
 اﻟﺴѧﻠﻴﻤﺔﻓѧﻰ اﻟﺤﻴﻮاﻧѧﺎت وذﻟѧﻚ ﻣﻘﺎرﻧѧﺔ ﺑﺘﺮآﻴѧﺰ اﻟﻬﻴﻤﻮﻗﻠѧﻮﺑﻴﻦ  47.1,± 70.8ﺑﻤﺘﻮﺳѧﻂ  ﻣѧﻞ 001/ﺟѧﻢ
  49.1± 01.51ﺑﻤﺘﻮﺳﻂ  ﻣﻞ 001/ﺟﻢ 3.81– 5.11ﺑﻴﻦ  واﻟﺘﻰ ﺗﺘﺮاوح ﻗﻴﻤﻬﺎ
ﺑѧﻴﻦ  ﺑﻘѧﻴﻢ ﺗﺘѧﺮاوح  ﺔﺼѧﺎﺑ ﺣﺠﻢ آﺮﻳﺎت اﻟﺪم اﻟﺤﻤѧﺮاء اﻟﻤﺘﺮاﺻѧﺔ ﻓѧﻰ اﻟﺤﻴﻮاﻧѧﺎت اﻟﻤ   ﺑﻴﻨﻤﺎ اﻧﺨﻔﻀﺖ ﻗﻴﻢ
وذﻟѧﻚ ﻣﻘﺎرﻧѧﺔ ﺑﻘѧﻴﻢ ﺣﺠѧﻢ آﺮﻳѧﺎت اﻟѧﺪم  ، 38.1±62.42  ﺑﻤﺘﻮﺳѧﻂ ﻣѧﻞ 001/ﻣѧﻞ 0.72 – 1.22
 ﻣѧѧﻞ 001/ﻣѧѧﻞ 0.54 –  0.33ﺗﺮاوﺣѧѧﺖ ﺑѧѧﻴﻦ واﻟﺘѧѧﻰ اﻟﺴѧѧﻠﻴﻤﺔﻓѧѧﻰ اﻟﺤﻴﻮاﻧѧѧﺎت  اﻟﺤﻤѧѧﺮاء اﻟﻤﺘﺮاﺻѧѧﺔ
  .27.3± 51.83ﺑﻤﺘﻮﺳﻂ 
آﺮﻳѧﺎت اﻟѧﺪم  ﺗﺮآﻴѧﺰ اﻟﻬﻴﻤﻮﻗﻠѧﻮﺑﻴﻦ وﺣﺠѧﻢ وﺟﺪ ان ﻗﻴﻢ اﻟﻌѧﺪد اﻟﻜﻠѧﻰ ﻟﻜﺮﻳѧﺎت اﻟѧﺪم اﻟﺤﻤѧﺮاء ﻣﻮازﻳѧُﺎ ﻟﻘѧﻴﻢ 
  ± 07.3ﺑﻤﺘﻮﺳѧѧﻂ , mmc/nm 0.4–0.3ﺑѧѧﻴﻦ اﻟﻌѧѧﺪد اﻟﻜﻠѧѧﻰ  ، وﺗѧѧﺮاوح اﻟﺤﻤѧѧﺮاء اﻟﻤﺘﺮاﺻѧѧﺔ 
 اﻟﺴѧﻠﻴﻤﺔ اﻟﺤﻴﻮاﻧѧﺎت ﺑﺎﻟﻌѧﺪد اﻟﻜﻠѧﻰ ﻟﻠﻜﺮﻳѧﺎت ﻓѧﻰ ﻣﻘﺎرﻧѧﺔ .ﻓѧﻰ اﻟﺤﻴﻮاﻧѧﺎت اﻟﻤﺼѧﺎﺑﺔ  92.0  mmc/nm
  00.1±35.8 mmc/nm ،ﺑﻤﺘﻮﺳﻂ mmc/nm  - 01 6ﺑﻴﻦ ﺮاوح واﻟﺬى ﻳﺘ
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ABSTRACT  
Nada Mohammed Hassan Mansour 
  PREVALENCE OF BABESIOSIS IN DONKEYS IN 
KHARTOUM STATE, SUDAN 
 
 
The prevalence of babesiosis in donkeys in Khartoum state and some 
haematological parameters was investigated. Three hundered fourty eight 
donkeys were investigated in three localities Gabelawlea, Shargelneel and 
Omdurman by examination of blood smear stained with Giemsa for the 
presence of babesia trophozoites.Blood was collected with EDTA for 
determination of Haemoglobin concentration (Hb), packed cell volume 
(PCV) and total number of red blood cells (TRBCs). 
The result showed that the prevalence rate of babesiosis in Khartoum state 
was 8.3 % and the prevalence rate of babesiosis in different localities was 
12.9 %, 7.7 % and 4.3 % in Gabelawlea, Omdurman, and Shergelneel 
respectively. 
The Hb concentration was low in infected animals, the value ranged between 
6.0 – 10.2 gm/100ml with a mean of 8.07±1.74 as compared to a range of 
11.5 – 18.3 gm/100ml with a mean of 15.10±1.94 in non infected donkeys. 
 PCV showed a decrease in infected animals, the values ranged between 22.1 
– 27.0 ml/100m with a mean of 24.26 ±1.83, as compared to a range of  
 33 – 45 ml/100ml with a mean of 38.15 ±3.72 in non infected donkeys. 
Red blood cell count parallel the Hb& PCV values, the range                         
was between 3.0 – 4.0 mn/cmm  ,with a mean of 3.70 ±0.29 in infected 
animals, as compared to non infected animals which ranged between 6 – 10 
mn/cmm with a mean of 8.53 ±1.00mn/cmm. 
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   Introduction 
 
The role of donkeys in rural area and outskirts of cities in Khartoum state 
is very great where donkeys are being the work animal, mainly employed 
in transport of water, commodities, and people over a short  distance 
either as a pack animal or in pulling carts. 
Donkey consumption of clover is costy in Khartoum state. There are 
some people who own donkeys and rent them daily,they use them to 
collect money as a source of income. 
The donkey is an ignored animal in Sudan, and no attempts were made to 
improve the health of this animal. Very little information about total 
population and their diseases is available.         
Ticks and tick-borne diseases are widespread in the Sudan. Most 
important among these diseases is babesiosis, caused by Babesia species. 
Babesia species cause important and highly destructive disease of a wide 
variety in vertebrate hosts, including domestic and wild animals, and 
man, (Kumar et al 2002). 
Babesia species are transmitted by tick of the genera Hyaloma, 
Boophilus, Dermacenter and Rhipicephalus. The parasite is known to 
multiply in the red blood corpuscles. 
Equine Babesiosis is a cute, per acute, sub acute or chronic tick-borne 
protozoal disease, which affects donkeys, mules, horses and some time 
zebra. Zebras are an important reservoir for infection in Africa .Equine 
Babesiosis is caused by two different species of Babesia. In donkeys 
B.caballi,B.equi,both of them are known to cause infection and the 
disease was described by Wiltshire as Anthrax fever (Castellani and 
Chalmass,1910).            
 2
Although the disease is present in Sudan, and affects horses, (Abdoun, A 
.M. (1984), Elzamzami (2004) no work has been done to study this 
disease in donkeys. 
Babesiosis is some times confused with diseases of similar symptoms 
such as equine influenza, equine infectious anaemia. There for it is 
necessary to conduct studies on the disease from the epidemiological and 
clinico- pathological stand points. 
Justification of the research topic: 
The donkey is an ignored animal in Sudan; no attempts were made to 
improve the health and productivity of this animal. e.g. very little 
information is available about total population and the diseases which 
occur. 
Although equine babesiosis is present in Sudan, and affects horses, no 
work has been done to study this disease in donkeys.  
The main objectives of this study were to: 
1/ Investigate the prevalence of naturally occurring babesiosis in donkeys 
in Khartoum state. 
2 / Study some heamatological changes caused by the disease. 
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CHAPTER ONE 
 
LITERATURE REVIEW 
 
 
Economic importance of the donkey as pack and transport animal.  
Donkeys have a prominent position in the agricultural systems of many 
developing countries. This is shown by the wide spread use of donkeys in 
rural and urban areas in Africa. It is suggested that donkeys can play a 
great role in the frame work of food security and social equity of high 
food insecure countries. (Kumar et al 2002). 
They act as life line in arid and semi-arid parts of the world by way of 
economical means of transport for the people and goods. 
Besides this, the donkey is preferred to other animals due to its docile 
nature, disease resistance, easy to put to work, less health care and source 
of livelihood to the poorest of the poor. (Kumar et al 2002). 
Epidemiology of blood parasites in Sudan;  
Many workers conducted research in the Sudan on the epidemiological 
aspects of blood parasites in cattle. Many of these studies discussed the 
evidence and prevalence of parasitic infections in different parts of 
the Sudan (Khalil, 1957, AbdelMalik, 1958. Uilenberg 1960. Karib 
1961,and Hassan, 2003) . 
Babesial infection in cattle has been regularly reported from all over the 
country and only two species of Babesia, Babesia. bovis and Babesia. 
bigemina had been reported to occur in Sudanese cattle ,(Animal Wealth 
Administration Ministry of Agriculture and Irrigation, 1960- 1981. 
 4
The Tick and Tick Borne Diseases Control Project identified Babesia. 
bovis and Babesia. bigemina at Sagadi area in the White Nile province 
(Abdella, 1984). 
Epidemiology of Equine Babesiosis; 
In Africa, prior to 1910, equine babesiosis used to be clinically confused 
with African horse sickness (cited by Roberts et al, 1962). Laveran in 
1901, first discovered an intraerythrocytic parasite in the peripheral blood 
smears prepared from South African horses. He named it Piroplasma. 
equi. Later on, Nutall and Strickland (1910) reported that two distinct 
species of the protozoa were involved in equine piroplasmosis. They 
demonstrated a large intra- erythrocytic parasite, which was distinct from 
Piroplasma. equi, and was responsible for causing piroplasmosis in 
horses. They named the smaller species Nuttallia. equi and large species 
Piroplasma. caballi .They reported that N.equi is more prevalent and 
virulent than P.caballi.Later on; these organisms were classified under 
the genus Babesia as Babesia equi and B.caballi.    
Equine babesiosis, also known as biliary fever is one of the most common 
infectious tick-borne diseases in Southern Africa (Heerden 1996; de Waal 
and Van Heerden’s 2004). The intra-erythrocytic protozoa Babesia. equi 
and Babesia. caballi cause an acute, sub acute or chronic disease in 
equidae (Phipps and Phipps. 1996; Ribeiro et al. 1999; de Waal and Van 
Heerden’s 2004). It also causes neonatal babesiosis and abortion in mares 
(Heerden 1996; de Waal and Van Heerden’s 2004). Horses, donkeys and 
zebras are all susceptible to both Babesia. equi and Babesia. caballi 
infections, although clinical cases occur mostly in horses (Schein 1988; 
Heerden 1996; de Waal and Van Heerden’s 2004). In general, Babesia. 
caballi infections are clinically milder and less common than those 
caused by Babesia. equi (Phipps and Phipps. 1996; Donnellan et al. 
2003b; de Waal and Van Heerden’s 2004).   
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A lymphocytic stage of schizogony of Babesia. equi in the mammalian 
host prior to the intra-erythrocytic stages has led to discrepancies in the 
classification of this parasite (Phipps and Phipps. 1996; de Waal et al. 
2004). 
 
Classification of Babesia .equi and Babesia .cabali:- 
 
Domain 
 
 
Eukayote 
Kingdom 
 
 
Chromalveolata 
Super phylum 
 
 
Alveolata 
Phylum 
 
 
Epicomplexa 
Class 
 
 
Sporozoasida 
Sub-class  
 
 
Coccidiasina 
Order   
 
 
Haemosporidia 
sub-order 
 
 
Piroplasmidae 
Family          
 
                    
Babesiidae    
Genus                              Babesia 
Species                            
 
  
B.cabali   / B.equi       
 
 
Source: - (de Waal and Van Heerden’s 2004). 
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Morphology of Babesia .equi and Babesia .caballi 
 
 
Babesia. equi is small in size it ranges between 1.5 – 3 micron in 
diameter. The shape varies from spherical to ovoid to pear-shaped. In 
blood films, the parasite are found in the erythrocytes usually singly and 
rarely quadrupled, when they may be seen in the classic form of a 
Maltese cross. Mahoney et al (1977), 
 
According to Reik (1968) B.caballi appears in erythrocytes as pyriform 
bodies 2.15-4.0 micron in diameter and has spherical or amoeboid bodies, 
the pyriform shape of the parasite frequently occurs in pairs at an acute 
angle to each other. 
 
Holborook (1968) stated that the differentiation of equine babesial 
infection in stained blood films was best determined by the 
morphological differences of the two parasites. B.caballi infection are 
ascertained by finding two large pyriform bodies with a length greater 
than the radius of erythorocytes.B.equi infection are determined by 
observing four small pyriform bodies , usually in Maltese-cross form. The 
length of each is less than the radius of erythrocyte. 
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Life cycle of Babesia: 
 
The life cycle of Babesia species, can be separated into three stages.  
The initial gametogony is a sexual stage in which gametes form are fused 
inside the gut of an infected tick. This stage is followed by sporogony, an 
asexual reproduction in the salivary gland of the infected tick.It is further 
followed by merogony, an asexual dividing stage inside the vertebrate 
host’s erythrocytes or in the case of Babesia. equi infection also inside 
the lymphocytes (Vial and Gorenflot  2006).  
The parasite develops within five days after attachment to sporozoites in 
the salivary gland of the infected tick vector. This occurs after the 
infected adult tick usually female has attached to a vertebrate host 
(Schein 1988; de Waal and Van Heerden’s 2004; Uilenberg 2006). 
Twelve to fourteen days after infected ticks first attach to the host, 
merozoites are released to invade erythrocytes. The merozoites occur 
either as two or four, in a maltese cross formation and are seen as 
pyriform parasites within the erythrocyte (Schein 1988; Vial and 
Gorenflot  2006).  
In case of infection by Babesia. caballi, the development of Babesia. 
caballi is found exclusively in the vertebrate host’s erythrocytes (Schein 
1988; Brüning 1996; de Waal and Van Heerden’s 2004). Within the 
host’s red blood cells, the pyriform merozoites are often found as pairs 
with an acute angle (Schein 1988; de Waal and Van Heerden’s 2004). 
This parasite causes usually a very low parasitaemia of less than 0.1 per 
cent of infected erythrocytes (de Waal and Van Heerden’s 2004). In case 
of B.equi infection, the parasite caused high parasitaemia, and can infect 
up to 80% of erythrocytes. 
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Transstadial transmission occurs by injection of the infected saliva into 
the host. In this case the infected tick loses its babesial infection after 
transmission (Uilenberg 2006).  
Babesia. equi is smaller than Babesia. caballi (Mehlhorn and Schein 
1998; de Waal and Van Heerden’s 2004) and unlike other Babesia 
species, has a stage of schizogony in the vertebrate host’s lymphocytes 
(Schein 1988; Brüning 1996; Uilenberg 2006). 
Transmission  
B. caballi and B. equi are transmitted by ticks, which become infected 
when they ingest parasites in the blood of infected equids. Approximately 
14 species of ticks in the genera Dermacentor, Boophilus, Hyalomma and 
Rhipicephalus can be vectors for these organisms; however, the 
epidemiological significance of some tick species is unknown.  
Although ticks are biological vectors for both B. equi and B. caballi, 
differences in these parasites’ replication cycles can affect their methods 
of transmission. Inside the tick, Babesia zygotes multiply as elongated 
motile,club-shape bodies called ‘vermicules’ which invade many of the 
tick’s organs including the ovaries, and Babesia species are readily 
passed to the next generation of ticks in the egg (transovarian 
transmission). When an infected nymphal or adult tick of the next 
generation attaches to a new host, the parasite is stimulated to undergo its 
final maturation, allowing it to infect the host. 
 Equine Babesiosis can be transmitted directly between animals by 
contaminated needles and syringes, or by blood transfusions.  
After recovery, donkeys may become carriers for long periods. Animals 
infected with B. caballi can remain carriers for up to 4 years, but might be 
able to clear the organism eventually. Parasitemia is often absent in 
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carriers, but can reoccur after immuno-suppression or strenuous exercise 
Transplacental transmission of Babesiosis has rarely been reported, and  
Some sources consider the evidence for this route to be unreliable, 
(Kumar et al 2002).  
Geographic Distribution  
 
Both disease agents B.caballi, B.equi which vary in their characteristics 
are endemic in many tropical and subtropical regions including parts of 
Africa, the Middle East, Asia, Central and South America, the Caribbean 
and Europe. They may be found in temperate areas. Their distribution 
depends upon the kind of ticks present and act as vectors. (Holbrock, 
1969).  
Babesia. equi and Babesia. caballi occur in Spain, Portugal, France, 
Belgium, Poland, (Joyner et al. 1981) and Italy (Schein 1988; de Waal 
and Van Heerden’s 2004). Babesiosis occurs also in Asia (Donnellan et 
al. 2003), the Middle East (Hailat et al. 1997) and is endemic in some 
parts of China (Xu et al. 2003) .It has been reported from the Carribean 
(Rampersad et al. 2003) and is distributed in Africa (Gummow et al. 
1996; Heerden 1996; de Waal and Van Heerden’s 2004), Central 
America (Carbrey et al. 1971) and South America (Ribeiro et al. 1999), 
Florida (Holbrook 1969) and some regions in Australia (Schein 1988; de 
Waal and Van Heerden’s 2004). 00000 
It is generally thought that the geographical distribution of equine 
babesiosis is dependent on the distribution of the requisite tick vectors 
(Donnellan et al. 2003b; de Waal and Van Heerden’s 2004. Gummow et 
al. 1996). 
Dermacentor species transmit only Babesia. caballi in Central Europe, 
Central Asia (Phipps and Phipps 1996) and Florida in USA   (Frerichs et 
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al. 1996), where as Rhipicephalus. evertsi. evertsi transmit both Babesia. 
equi and Babesia. caballi in Africa (Heerden 1996; Phipps and Phipps. 
1996). Rhipicephalus. bursa is reported to be a vector of both parasites in 
Southern Europe and Asia (Phipps and Phipps. 1996).  
Clinical Signs:  
 
Infection caused by B.equi is more pathogenic and widespread than by 
B.caballi.Mixed infection is not uncommon. 
The incubation period following an infective tick bite, varies from 5 - 21 
days (, Gautam and Dwivedi 1976).The clinical signs of Babesiosis are 
variable. In rare per acute cases, animals may be found dead or dying. 
 More often, babesiosis presents as an acute infection, which is 
characterized by fever, anorexia, depression, malaise, icterus, haemolytic 
anaemia, haemoglobinuria, petechial haemorrhages of the mucosal 
membranes and elevated respiratory and pulse rates (Schein 1988; Phipps 
and Phipps 1996; de Waal and Van Heerden’s 2004).  
 Affected Equine are constipated, passing small,hard balls of  feces 
covered with yellow mucus, but diarrhea has also been reported.Some 
times donkeys can show colic symptoms .looking at flank,pawing,kicking 
at belly region,lying down and rolling,due to sluggish intestinal peristaltic 
movements and constipation. (Kumar et al 2002). 
Chronic cases of equine babesiosis are more common in donkeys and 
clinical signs are usually non-specific, including mild inappetence, poor 
work performance or poor body weight gain,  poor exercise tolerance, 
transient fevers and an enlarged spleen. Some infected mares, including 
carrier mares, may abort. Foals infected in utero may be weak at birth, 
and rapidly develop anemia and severe jaundice. (de Waal and Van 
Heerden’s 2004).  
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Further complications of equine babesiosis are acute renal failure, colic 
and enteritis, pneumonia, loss of fertility and abortion in mares (de Waal 
and Van Heerden’s 2004).  
Pathogenesis  
Babesia.equi is highly pathogenic and can infect up to 80% of 
erythrocytes, the events in pathogenesis responsible for haemoglobinuria 
and subsequent anaemia are obscure in equine babesiosis (Mehlhorn and 
Schein 1998). 
The anaemia due to blood parasite infection might result from the direct 
injury of the erythrocytes by the parasites and their metabolic products, or 
from phagocytosis of infected and uninfected erythrocytes due to an 
autoimmune response. Both factors were thought to be operating during 
babesiosis. (The Sudan Journal of Veterinary Science and Animal 
Husbandry 1982 volume 23.)  
 Development of Progressive anaemia and haemoglobinuria in the last 
clinical phase of the disease is pathognomic sign in B.equi infection in 
horses and in donkey (Holbrook et al 1973). At high parasitaemia B.equi 
organism were observed in neutrophils indicating phagocytosis of the 
infected erythrocytes by the netrophils. 
Gradual decrease in haemoglobin and PCV values with the clinical 
progression of B.equi parasitaemia in donkeys was also observed 
Ambawat et al 1994).  
Pathogenesis in Babesia. caballi infections on the other hand is related to 
accumulation of parasitised erythrocytes in small blood vessels and 
capillaries (Schein 1988; de Waal and Van Heerden’s 2004). An acute 
hypotensive state may possibly cause immediate death. Lung oedema has 
been associated with hyper acute infections and death in donkeys.  
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Most of the studies concluded the occurrence of morphological change 
and lipid per oxidation on the cell surface leading to erythrocyte-
phagocytosis and subsequent anaemia during B.equi infection in donkeys. 
Pathological Lesions  
In acute cases, the animal is usually emaciated, icteric and anemic. The 
liver is typically enlarged and may be either dark orange-brown or pale 
from anemia. 
 The spleen is enlarged. The kidneys may be pale and flabby, or they may 
be dark red or black if the animal had hemoglobinuria. Petechial 
hemorrhages may be seen in the kidneys and subepicardial and 
subendocardial hemorrhages in the heart. Secondary infections may cause 
edema, emphysema or signs of pneumonia in the lungs and lung oedema. 
Kumar et al (2002) 
Diagnosis  
Diagnosis of equine babesiosis can be made from a combination of many 
methods:- 
1/Clinical examination:- 
Equine Babesiosis should be suspected in donkey with anemia, jaundice 
with or without haemoglobinuria and high fever; however, the clinical 
signs are often variable and nonspecific.  
  2/Laboratory tests:- 
It is difficult to diagnose the clinical condition in donkeys on clinical 
symptoms only. So the disease must be confirmed by detecting babesia 
inside the erythrocytes in blood smear stained with Giemsa stain. The 
organism may be found either singly, in Pairs, or in tetrads. 
Formation of four daughter parasites generally called Maltese-cross and 
this is very characteristic feature of B.equi. B.caballi organism is 
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commonly seen singly or in pairs and are pyriform, round or oval in 
shape. Maltese-cross form is very rare in B.caballi. 
   3/ Serological tests:- 
 A variety of serological techniques have been standardized and used for 
specific detection of antibodies. 
Complement fixation test (CFT) is the only official test approved by 
USDA, Canada, Australia and Japan for screening of donkeys imported 
from countries where equine babesiosis is endemic (Holbrook et al 
1971).Kumar et al (1997) reported that CFT should be standardized 
separately on donkeys as the condition optimized on horse samples field. 
They reported that donkey’s serum activates non-specifically the 
complement and hence requires higher concentration of complement in 
CFT than of horse.  
ELISA has also been standardized for detecting B.equi antibodies in 
carrier donkeys. Among this, Dot-ELISA (Kumar et al 1997), serial 
dilution ELISA and single dilution ELISA (Kumar et al 2003), are most 
important. 
 Dot-ELISA could detect B.equi antibodies in experimental infected 
donkeys as early as 3-6 days post-infection and remained positive 
showing high antibody titer until 90 days experimental period. Serial 
dilution ELISA was found to be more time consuming, require large 
quantities of antigen/conjugate/reagents as compared to single dilution 
ELISA, when the end titre of a sample is to be determined (Kumar et al 
2003). 
The advantage of single dilution ELISA is that the exact antibody titre 
can be determined by testing the serum sample at only one single 
particular dilution. The single dilution ELISA was found to be non- cross-
reactive with B.caballi and Trypanosoma.evansi positive serum and more 
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sensitive than conventional serial dilution ELISA (Kumar et al 2003). 
Among these Dot-ELISA promises to be a field oriented test as it is 
simple to perform, require less expertise/reagents and the need of 
expensive ELISA reader. 
Other serological tests like capillary tube agglutination test (CAT), 
(Kumar et al 1997),  
4/ PCR and DNA probe: 
Routine microscopic and serological examinations are not sensitive 
enough in determining the status of the animals if the 
parasitaemia/antibody titre is very low. Hence direct detection of the 
specific parasitic DNA by a way of DNA probes and polymerase chain 
reaction are desirable.PCR based detection test and DNA probes have 
been designed for detection of B.equi and B.caballi parasite in donkeys. 
and Ambrosio et al (1986) defined DNA probe as a diagnostic test 
capable to detecting the parasitaemia as low as 0.0028% (B.equi) and 
0.0016% (B.caballi) in the blood samples.  
Recently PCR based diagnostic tests have also been standardized for 
detection of B.caballi and B.equi parasitic DNA in the blood 
(Bashiruddin et al 1999; Rampersad et al 2003).PCR methods have also 
been used to detect the B.equi infection in the host tick-vector 
(Boophilus. microplus and Dermacentor . nuttali) capable to transmitting 
B.equi sporozoites to the equid population in the field ( Battsetseg et al 
2001,2002). 
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Treatment 
The B.equi infection is resistant to chemotherapy as compared to 
B.caballi infection and usually frequent repeated doses are required. 
(Kumar et al 2002) 
 A variety of drugs have been used for the treatment of B.equi infection in 
donkeys. Most of the drugs improve the clinical signs but are unable to 
completely eliminate the infection from the body.  
Tetracycline like chlortetracycline hydrochloride and oxytetracycline 
hydrochloride are effective only against B.equi when given intravenously 
daily for two or more days at a dosage rate of at least 5.5 mg/kg body 
weigh (Jansen 1953) .The time interval between doses seems to be 
important. 
Four intramuscular doses of imidocarb dipropinate, 72 hr apart at 4mg/kg 
body weight cleared B.equi from horses but not from infected donkeys 
which died even after treatment (Frerichsn et al 1973; Baturina and 
Lutsuk 1975). 
Two dose therapies with imidocarb, 48h interval at 5mg/kg was found 
quite effective in bringing about the clinical recovery in infective 
donkeys. 
 Denning (1965) reported that diaminazene diaceturate was the only drug 
that was successful against mild-to-moderate B.equi infection in  horses 
and donkeys, but that it was not effective against acute infection.  
Further diminazene diaceturate was effective in eliminating B.caballi 
infection (Taylor 1962, Kuttler1981). 
Copper glycinate has proved to be successful in treating cases due to 
Babesia. bigemina infection in cattle.But similar trial in splenectomised 
and non- splenectomised donkeys infected with B.equi parasite with 
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intravenous injection of copper glycinate at 1.5mg/kg, two injections 24 h 
apart, proved unsuccessful in reducing fulminating parasitaemia (Kumar 
et al 1999). 
(Kumar et al 2003), reported that arteether 5 mg/kg daily for 3 days, 
intramuscularly and buparvaquone 5mg/kg daily for 4 days, intravenously 
were found to destroy parasitaemia and clinical symptoms of the disease 
disappear after treatment. 
Animal treated with imidicarb and arteether+ buparvaquone combination 
were able to clear the parasite from the blood circulation after 2-5 days 
post-treatment (PT). 
Haemato-biochemical parameters on the animals had shown that 
imidocarb had deleterious effect on the liver function while on the other 
hand  arteether+ buparvaquone combination could be a better choice than 
imdocarb for treating B.equi infection in donkeys  (Kumar et al 2003). 
Control and Eradication: 
Control of the disease depends to a large extent on control of ticks: 
Barnett and Brocklesby (1966) summarized the objectives and purposes 
as well as methods used in control of ticks on livestock, these methods 
include: preventive measures, chemical control, biological control, 
sanitation and disinfection. 
Preventive Measures: 
 In endemic areas, the use of acaricides, together with frequent 
examination of the animal and immediate removal of any tick, may help 
prevent infection. (Bruning 1996).  
If an infected animal is discovered in a Babesiosis-free region, the animal 
must be quarantined and kept from contact with ticks. Strict precautions 
should be taken to prevent contact between animal and ticks, these 
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measures can include spraying the premises repeatedly with acaricides, 
eliminating vegetation from these areas, and maintaining infected animals 
in a separate quarantine area. (Barros CSL, 2008) 
 Pets, wildlife and rodents should be excluded from these areas. Animal 
should be inspected daily for ticks and may be treated with acaricidal 
sprays. Ticks could hide in animal wastes, which should be destroyed and 
not allowed to leave the quarantine area.  
Chemical control: 
 Young et al., (1988} described the use of the plunge dip, power spray , 
hand- spraying and hand dress as the means of acricides application  
Ivomec was found to be effective against tick by inoculation and it could 
be even more effective if given by bolus (Nolan,1981). 
 Biological control: 
During the past decade, interest in developing antitick biocontrol agents 
such as birds, (red pilled and yellow-pilled) which can feed on tick 
although they may cause damage to animals. parasitoides, nematodes, 
fungi and bacteria has gained momentum.  
The reintroduction of oxpecker birds in some areas of Zimbabwe remains 
up to now the only known successful attempt at tick biocontrol control. 
(Bonsma, 1981). 
Sanitation and Disinfection: 
Beside measures involved in the control and elimination of the tick 
vector, sanitation and disinfection is necessary to prevent the occurrences 
of the disease. Sanitation and disinfection do not contribute to an 
abatement of the disease incidence in enzootic areas. As with most blood 
diseases, however, care is recommended in routine surgery (castration, 
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etc.) and needle vaccination procedures to prevent the accidental transfer 
of blood from one animal to another.                           
Vaccination: 
 
Very scanty efforts were made with regards to development of a suitable 
and potent vaccine for control of equine babesiosis in horses and 
donkeys. Some efforts to wards control by vaccination have been made 
using crude B.equi immunogen in donkeys, (Kumar et al 2002) 
Recently Kumar et al (2002) immunized the donkeys with a killed B. equi 
immunogen. The immunogen was prepared from B. equi infected blood 
so as to contain lysate of 2×10¹ºparasitised erythrocytes per dose. The 
immunogen was mixed with an adjuvant Quil A (3 mg) and inoculated 
into four susceptible donkeys (group I). A booster inoculation was given 
after 21 days of first inoculation followed by challenge with fresh 
infected blood containing 1×10¹¹ parasitised erythrocytes 14 days later. 
Two groups of two donkey each were inoculated with adjuvant only 
control (group II), and uninoculated control (group III), respectively. 
After challenge with the same fresh infected blood, donkeys were 
observed for a period of 4 weeks. The immunised donkeys (group I) 
showed significantly high (P<0.05%) enzyme linked immunosorbant 
assay (ELISA) antibody titres than that of groups II and III donkeys from 
day 14 PI and day 7 PI onwards, respectively. All the immunised donkeys 
withstood lethal challenge, whereas, control donkeys died within 10 days 
post-challenge (PC). Parasitaemia rose to mean maximum 8.0±6.0% for 
5–7 days in group I donkeys after challenge, whereas, it rose to 55.5% in 
control groups. The percent rise in rectal temperature, total leucocyte 
count (TLC), fall in haemoglobin (Hb) was less severe in immunised 
group as compared to the control groups.  
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Public Health Importance:  
 
Some species of Babesia or Theileria can occasionally infect other 
species than their usual host, including humans. To date, the most 
important pathogens for humans appear to be the bovine pathogen B. 
divergens in Europe and the rodent species B. microti in the U.S. 
Although B. caballi or B. equi may have been implicated in a few human 
infections in the past, these organisms do not seem to be important 
zoonoses. However, human babesiosis is still incompletely understood, 
and the possibility of infection with these organisms has not been ruled 
out.  
Humans usually acquire Babesia species from ticks, but infections have 
also been reported after receiving some of infected blood. The form of the 
disease can vary with the species of Babesia and the immunocompetence 
of the host. In most healthy, immunocompetent individuals, babesiosis 
tends to be mild or asymptomatic, and the symptoms often resolve 
without treatment. B. divergens has been mainly associated with illness in 
splenectomized individuals, and B. microti infections are often diagnosed 
in older patients. 
 In humans, babesiosis is characterized by fever, chills, anemia, fatigue 
and headache. Jaundice, hemoglobinuria, neurological signs, and 
complications such as congestive heart failure, disseminated intravascular 
coagulation, kidney failure or respiratory distress syndrome may also be 
seen.  
Some infections can be rapidly progressive and fatal.     
 Co infection with Babesia can also increase the severity of diseases such 
as Lyme disease. Human babesiosis can be treated with antibiotics.  
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 CHAPTER TWO 
MATERIAL AND METHOD 
 
 
Study area: 
The survey was conducted during 2009 in three localities in Khartoum 
state, i.e., Gabelawlea, Shargelneel and Umdorman. 
Blood smear samples and blood in EDTA were collected randomly from 
348 donkeys, as depicted in table (1). 
In each locality, samples were collected from 116 donkeys of different 
sexes and ages in the live-stock market, and veterinary hospitals in the 
locality. Systemic randomization was performed in a way to select one 
donkey for every five ones.  
 
Table (1) 
 
Areas and number of animals examined: 
 
Locality Location Latitude N Longitude E No. of 
animals 
examined  
Gabelawlea Sog seta mayo 32 39 450 15 30 624 116 
 
Omdurman Sog abuziad 32 25 219 15 38 690 116 
 
Shargelneel Sog eloehda 32 38 240 15 36 930 116 
 
Total  348 
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Sampling: 
Blood film: 
Thin blood smear was made from an ear vein puncture. After cleaning the 
exposed skin with 70% ethanol, the ear vein was punctured with a sterile 
needle. A drop of blood was taken on a clean glass microscope slide, 
spreaded by another slide at an acute angle, air dried and fixed by 
absolute methanol for five minutes. The slide was labelled. The labelling 
indicated location and animal number, and then transferred to the 
parasitology laboratory.  
The slide was stained with 10% Giemsa stain (ph 7.4) for 30 -45 minutes, 
washed in distilled water and then dried. Immersion oil was put on the 
blood film.                                                                                                                              
The slides were examined under oil immersion objective  using research 
microscope. The parasitized acinar cells were distinguished by their 
shape.  
Blood Collection for haemotological examination: 
About 5 ml of blood was collected from the jugular vein of each donkey 
in a vaccutainar tube with EDTA, as an anticoagulant. The tube were 
labelled indicating location and animal number, placed in an icebox at 4cْ, 
and immediately taken to haematology laboratory in the Department of 
Pathology for examination.  
Packed cell volume determination:- 
The packed cell volume was determined by filling a heparinzed capillary 
tube to two thirds (⅔) of it׳s length, the bottom of the tube was sealed 
with cristaseal and then put in microhaematocrit centrifuge at 3000 r.p.m 
for 5 minutes.  
 The P.C.V was determined using the reader as ml/100ml. 
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Haemoglobin determination: 
From the vacationer tube, well mixed blood was drawn into the 
hemoglobin pipette up to the mark 0.02ml by the aid of a sucker and 
mouthpiece. The blood was then blown in a tube in which 5 ml of 
Drabkin's Solution was added. The preparation was mixed until the mixed 
turned dark brown in colour. Then the tube was put in Electronic 
Controlled Photo Colorimeter for optical density determination.  
The Hb concentration was then calculated using the formula:- 
 
Optical density ×   15.2 = Hb g/dl 
             32         
 
Red Blood Cell Count  
Blood from vacutioner tube, was taken after thoroughly mixing into red 
pipette to 0.02 mark; Red blood cell diluting fluid (sodium citrate 39 ml, 
distilled water 100ml, formalin 1ml), was added to the end of the tube. 
The pipette was shaken for one minute; the first 2-3 drops were 
discarded. 1-2 drops of the blood were placed in the hemocytometer at 
angle 45 ۫, allows RBC to set down for 2-3 min. 
5 red squares were counted under the microscope, (4 squares at corners 
and another one in the middle). 
 
The RBC count was calculated using the formula:- 
RBC in mn/cmm = number of cells counted (N) × volume factor 
(V) × dilution factor (D)  
(V) = 50    ,   (D) = 200 
RBC in mn/cmm = N × 50 × 200 = N × 10000  
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Blood Indices: 
 
Mean cell volume (MCV) was calculated using the formula; 
                                                                              
MCV   =       PCV % × 10          in     µ³ 
                   RBC in millions 
               The mean cell haemoglobin concentration (MCHC) was  
           determined by this formula; 
 
            MCHC =          Hb g/dl × 100            % 
  PCV  
 
 
Statistical analysis 
 
          The data were analyzed with SPSS software (Statistical Package    
for the Social Sciences, version 14.0 SPSS Inc, Chicago, IL, USA).  
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CHAPTER THREE 
  RUSULTS  
   
Clinical signs;                          
There was no obvious clinical signs in the naturally infected donkeys. 
However, inappetance, emaciation and poor work performance was 
reported by the owners who brought their donkeys to veterinary clinics.    
Parasitological Results: 
The positive cases were diagnosed by the demonstration of parasitized 
red cell in stained blood film .The parasitized cells varied in number 
between 1-3 per field. They were recognized as B.caballi which appeared 
as spherical shape and pyriform bodies Fig (1) and B.equi with the 
classical form Fig (2) .B.equi was demonstrated in 21 of infected cases 
out of the 29 positive cases in Khartoum state, representing 72.4% 
distributed as 9, 9and 3 cases in Gabalawlea, Omdurman and Shargelneel 
respectively. (table 2).B.caballi was  found  in 8 cases representing 27.6% 
of the positive cases and distributed as 6,0,2 in Gabalawlea,Omdurman 
and Shargelneel respectively (table 2).    
Prevalence of Babesiosis:- 
The Prevalence of babesiosis was clearly depicted in Fig (3), the over all 
prevalence rate in Khartoum state was calculated as 8.3 % i.e. 29positive 
cases out of 348 donkeys. The Prevalence in different localities was 
shown in Fig (4). Gabelawlea in Khartoum province showed the highest 
prevalence rate of 12.9 % representing 15 positive cases out of 116. 
In Omdurman, the positive cases were 9 constituting 7.7% prevalence 
rate. Shargelneel showed the lowest prevalence rate of 4.3 % representing             
5 cases out of 116. 
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Haematological Changes; 
The Haematological results were shown in table (3).The packed cell 
volume (PCV) values ranged between 22.1-27.0 ml/100ml, with a mean 
of 24.26 ±1.83 ml/100 ml for naturally infected animals In non-infected 
animals the packed cell volume varied between 
 33 – 45ml/100ml, with a mean of 38.15±3.72 ml/100ml. 
Red blood cell count (RBC) paralleled the PCV values and ranged 
between 3.0 - 4.0 mn/cmm, with a mean of 3.70 ±0.29 mn/cmm, in 
infected animals. In non infected animal it ranged between 6 – 10 
mn/cmm with a mean of 8.53±1.00 mn/cmm. 
Haemoglobin concentration (Hb) in infected animals also showed a 
decrease in a range of 6.0-10.2 g/dl with a mean of 8.07 ± 1.74 g/dl, as 
compared to non infected animals which ranged between 11.5 – 18.3 g/dl 
with a mean of 15.10±1.94 g/dl. 
The mean cell Haemoglobin concentration (MCHC) ranged between 
15.4 – 26.1% with a mean of 20.60 ±4.39 in infected animal, 
(hypochromic cells) compared to 29.5 – 46.1 % with a mean of 
38.61±4.65 calculated for non infected animals. 
The mean cell volume (MCV) ranged between 61.2 – 70.00 µ³ with a 
mean of 68.88±3.08 in infected animals (macrocytic cells), compared to 
48.7 – 53.0 µ³ with a mean of 50.63±1.47 for non infected animals. 
These results could indicate a mild macrocytic hypochromic anemia in 
naturally infected animals. 
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(Fig 1)  
 
 
The photo shows B.caballi in the erythrocyte in pyriform shape. 
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(Fig 2) 
 
The photo shows the classical form of B.equi in the erythrocyte 
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TABLE (2):  
 
 Prevalence of Babesia .equi and Babesia.caballi in different localities 
in Khartoum state: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Babesia spp 
 
Gabelawlea Omdurman Shargelneel No. of 
positive 
% 
Positive
B.equi 
 
 
9 9 
 
3 21 72.4 
B.caballi 
 
 
6 0 
 
2 8 27.6 
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(Fig 3) 
 
Prevalence of Babesiosis in Khartoum State 
 
 
 
 
Prevalence rate of Babesiosis in Khartoum state
8.30%
91.70%
% Positive
%Negative
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Fig (4) 
 
 
Prevalence of Babesiosis in three localities in Khartoum State 
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TABLE (3):  
 
Haematological Result of 29 Infected and 319 Uninfected Donkeys:- 
 
 
 
Parameter 
 
 
Infected 
 
Uninfected 
Range Mean±SD Range Mean±SD 
Packed cell 
volume(PCV)ml/100ml 
 
 
 
22.1– 27.0 ml/100ml  (24.26)±1.83 33 – 45 ml/100ml  (38.15) ±3.72 
Haemoglobin concentration 
(Hb)gm/100ml 
 
 
 
6.0 – 10.2 gm/100ml  (8.07) ±1.74 11.5 – 
18.3gm/100ml 
 (15.10) ±1.94 
Total RBC mn/cmm 
 
 
 
3.0 – 4.0 mn/cmm  (3.70) ±0.29 6 – 10 mn/cmm  (8.53) ±.1.00 
Mean cell volume         
(MCV) µ³ 
 
 
 
61.2 – 70.0 µ³ 
 
(64.88) ±3.08 48.7 – 53.0  µ³  (50.63) ±1.47 
Mean cell Haemoglobin 
concentration(MCHC)% 
 
 
 
15.4 – 26.1%  (20.60) ±4.39 29.5 – 46.1%  (38.61) ±4.65 
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Fig (5) 
 
 
Packed cell volume of infected and uninfected animals: 
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Fig (6) 
 
 
Haemoglobin concentration of infected and uninfected animal: 
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Fig (7) 
 
 
Total count of Red blood cells in mn/cmm, in infected and uninfected 
animals:           
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Fig (8) 
 
 
Mean cell Haemoglobin concentration as a percent of infected and 
uninfected animals 
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(Fig 9) 
Mean cell volume in cubic micrometers µ³ of infected and uninfected 
animals 
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CHAPTER FOUR 
DISCUSSION 
 
Babesia equi and Babesia caballi are tick-borne hemoprotozoan parasites 
that cause babesiosis in equids. The disease is endemic in most tropical 
and subtropical areas of the world, (Kumar et al 2002).  
The disease is characterized by fever, anorexia, depression, icterus, 
haemolytic anaemia, haemoglobinuria, petechial haemorrhages of the 
mucosal membranes and elevated respiratory and pulse rates, weakness at 
birth, development of anaemia, malaise, (Kumar et al 2002).  
Although the diagnosis of the disease in most public veterinary clinics in 
different parts of Sudan is based on clinical signs, it was reported that the 
best and the most reliable method for detection of the causative agent in 
equids was microscopic examination. However, the chance of detecting 
the cause in subclinical infections decreased . 
 In this study the prevalence rate of babesiosis was investigated in three 
localities in Khartoum state by detection of Babesia protozoa inside the 
erythrocytes in blood smear stained with Giemsa stain. The species 
encountered were B.caballi and B.equi, which were found in 29 samples 
out of 348.  
The over all prevalence rate in Khartoum state was calculated as 8.3%.vis 
Gabelawlea 12.9 %, Omdurman, 7.7% Shargelneel 4.3 %.  
21(72.4%) and 8 (27.6%) samples were positive for B.equi and B.caballi 
infection respectively, these results could be compared with those 
obtained by Bayin,et al (2006) who found a prevalence rate of 9.6 %and 
38.7 5 for B.equi and B.caballi infection respectively in donkeys in 
 39
western Xinjiang China by enzyme-linked immunosorbent assays using 
recombinant antigens. 
The infection encountered in this study could be graded as low infection 
since 1-3 parasitized RBCs were found per field in most smears 
examined. Similar result were reported by (Kumar et al 2004) who further 
stated that in latent carrier donkeys it is very difficult to demonstrate the 
parasite in stained blood smears as parasitaemia is extremely low.  
The examined donkeys in this study showed reduced haemoglobin 
concentration, packed cell volume level and red blood cell counts. Blood 
cell indices calculated revealed macrocytic hypochromic type of anaemia. 
These results were similar to those reported by (Ambawat et al 1999) and 
(Kumar et al 2002), and also similar to what was reported by Elzamzami  
(2004) who found macrocytic hypochromic anaemia in horses with 
Babesiosis. 
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CONCLUSION     
 
               In this study Babesia. caballi and Babesia .equi were detected in 
Khartoum state in three localities when stained blood smear were used. In 
infected animals the haemoglobin concentration was low, packed cell 
volume was decreased and the total count of red blood cell was low. 
These results could indicate macrocytic hypochromic anemia. 
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RECOMMENDATION 
 
              Routine and regular survey in individual donkeys or in livestock 
markets for detection of Babesia species is important to clarify the 
situation of the disease and hence adopt control measures. Serological 
tests could be employed in survey of naturally occurring babesiosis in 
donkeys. 
 
